Nowadays, infrared thermography (IRT) attracts attention as an efficient tool for adsorption-desorption studies of porous materials [1] [2] [3] [4] , especially, of silica gels and zeolites. These studies help to optimize the gas purification and separation processes [4] , and to improve monitoring and controlling fire and explosion hazards in the industry [3] . The fundamental problem, which should be solved here, is to obtain a further insight into the physics of processes occurring on the surface of materials with a developed inner structure, that, in turn, is important for applications to catalysis.
The mathematical model, which describes the thermal processes on separate particles of the adsorbent, has been elaborated, and a good agreement is obtained between the experimental data and the simulation results (figure 4). It is based on the model of adsorption in the pellet of porous material in the non-isothermal conditions described in [5] . This model includes the following equations: 
Boundary and initial conditions in dimensionless coordinates look like
The parameters and constants in eqs. S is the shape factor of the pellet (0-slab, 1-cylinder, 2-sphere).
Thermal conductivity f h was calculated using the empirical relation presented in [6] .
The model presented here allows you to set the properties of the adsorbate and the properties of the adsorber. Adsorbate properties are defined by determining the density, viscosity and thermal conductivity constants. Adsorbateadsorbent interaction is set by determining the heat of adsorption and adsorption equilibrium constants. The parameters of the adsorbent granules are defined by determining the radius, and the constants of the Knudsen diffusion surface, as well as by setting the activation energy for surface diffusion. The parameters of the adsorber are defined by determining the flow rate of the carrier gas and the concentration of adsorbate, and the temperature of the carrier gas.
The system of equations was solved numerically using the MATLAB assisted with the method of orthogonal collocation. The solutions obtained were compared to the experimental curves of granule temperature on the time. From comparison of the fitted plots, it is clear that the simulation allows one to characterize the whole thermogram obtained. The model parameters for the investigated granules are shown in Table. 1.
As can be seen from Table. 1, the LeBi, reflecting the rate of heat exchange with the environment, has a value in the range of 0.5-9, which substantially exceeds the expected one for the investigated flow rates (for Reynolds numbers less than one, this coefficient should be less than 0.1). The observed discrepancy could be explained by a significant influence on the temperature distribution of the thermal conductivity within the contact between granule and adsorber (funnel). Indeed, using infrared thermography we fixed heating the reactor bottom around the granules, which should not be, if there is no such thermal contact.
The adsorption equilibrium parameters are selected from our previous studies of the test sample KSK-1. We were unable to perform a satisfactory simulation of the observed infrared curves based on the initial conditions under which the adsorbent granule was completely free of the adsorbate before gas puffing. It turned out that this assumption must be a satisfactory description of a certain amount of the adsorbate in the investigated pellets.
During the simulation we deliberately fixed constant adsorption isotherm parameters, as it was found that random selection of heat and mass transfer parameters can justify any amount of the adsorption equilibrium constant and its limit. It is, therefore, evident that the thermographic studies have a really quantitative value only if some additional precise measurements of concentration, the size of objects and the flow velocity of the adsorbate are made.
Infrared thermography has shown itself as a sensitive and demonstrative tool to study adsorption. Thus, this method is of direct obtaining experimental data that would otherwise be obtained only in indirect measurements. The combination of infrared thermography with numerical processing methods and mathematical modeling seems a powerful tool for verifying the physical behavior of adsorption systems.
An extremely important feature of this method is its visibility, which makes it indispensable in finding and justifying assumptions for mathematical modeling (uniform or not heat distribution within the granules, the possible mechanisms of heat transfer, etc.). However, the use of infrared thermography requires the material of reactors and adsorbers to be transparent in the infrared range, which imposes restrictions on the range of studied process conditions. Infrared thermography also requires calibration procedures and verification for the calculation of objects actual temperature, which is necessary for accurate calculation of physicochemical constants of adsorbents and adsorbates. Despite these shortcomings, infrared thermography is a promising experimental method for the study of adsorption and related diffusion processes. It is experimentally demonstrated in this paper that FPA-based IRT enables the temperature to be found at any point of the separate adsorbent grain. The experimental technique described above makes more detailed observations of the dynamics of adsorption/desorption processes developing in the adsorptive pellets possible and represents quantitatively the characteristics of heat exchange with the environment in the course of these thermal processes. 
